(Received 13 April 1946)
It has been shoW#n by Peters and others that 2:3-dimercaptopropanol (BAL) can be used as an antidote to lewisite, and can prevent vesication of human skin by lewisite if applied within 1 hr. after contamination. It was also shown not only to protect the arsenic-sensitive pyruvic oxidase from the inhibitory action of the arsenical in vitro, but to reverse poisoning which had already occurred, owing to its high affinity for arsenic. The work on BAL has been briefly reviewed by Peters, Stocken & Thompson (1945) . BAL is itself toxic in large doses, with an LD50 of 110 mg./kg. by subcutaneous injection in rats. In an attempt to study the cause of this toxicity the action of BAL on a large number of enzymes was investigated in vitro. EXPERIMENTAL Method&. For each enzyme the conditions of estimation (amount of enzyme, etc.) were so arranged that the enzyme concentration was limiting, i.e. such that the rate of reaction was proportional to the amount of active enzyme present.
A pure specimen of BAL, obtained from Prof. Peters, was used throughout this work as a stock m/4 solution in ethylene glycol monoethyl ether. The required concentration of BAL was added to the enzyme solution in buffer and incubated with it for 15 min. before starting the reaction by addition of the substrate. Zymohexase and creatine phosphokinaset were tested in veronal buffer at pH 7.4, pyrophosphatase in veronal buffer at pH 7 9, and d-amino-acid oxidase in phosphate buffer at pH 7-7. All otherexperiments were carried out atpH 7*4inphosphate or bicarbonate buffer.
Enzymes. These were prepared from the following materials: polyphenol oxidase from mushrooms (Keilin & Mann, 1938) ; carbonic anhydrase from mammalian erythrocytes (Keilin & Mann, 1940) ; catalase from ox liver (Sumner & Dounce, 1939) ; peroxidase from cow's milk (Elliott, 1932) ; aldehyde mutase from ox liver (Dixon & Lutwak-Mann, 1937) ; phosphorylase from potato (Hanes, 1940) ; xanthine oxidase from milk (Dixon & Thurlow, 1924) ; d-amino-acid oxidase from ox kidney (Krebs, 1935) ; cholinesterase from horse serum (Stedman & Stedman, 1935) and from rabbit brain (a strained tissuesuspension in bicarbonate-Ringer); glyoxalase from ox liver (a dialyzed extract of acetone-dried tissue); pyro-phosphatase from rabbit kidney (an extract in 0-5 M-KCIl, dialyzed); hexokinase from baker's yeast (van Heyningen, unpublished) . Pepsin, trypsin and papain were commercial preparations (British Drug Houses Ltd.); creatine phosphokinase, zymohexase and the glycolysis system were studied in a dialyzed extract from an acetone precipitate of rabbit muscle extract; and cytochrome oxidase and succinic dehydrogenase were studied in an exhaustively washed ground pig-heart suspension (Keilin & Hartree, 1938 glyoxalase. Some of these effects were studied in more detail. Polyphenol oxida8e. This enzyme is almost completely inhibited by concentrations of BAL as low as 0 001 M. In an experiment designed to test whether this is due to combination with the copper prosthetic group (Keilin & Mann, 1938) , the enzyme was incubated with M/400 BAL for 15 min. at 170, and then CUSO4 was added to give a final concentration of 0*01 M and the incubation continued for a further 15 min. The result, illustrated in Fig. 1 , shows that the activity was almost completely restored by addition of Cu++.
Min. Fig. 1 (Fig. 2) .
The cytochrome system and oxidation of BAL. In dilute aqueous solution43AL undergoes atmospheric oxidation, each molecule taking up one atom of oxygen. The time for half-oxidation of an 0-005 Msolution in phosphate buffer pH 7-4, vigorously shaken in air, was about 70 min. at 170 and 20 min. at 370 (Fig. 3) .
A solution of cytochrome c was rapidly reduced on addition of a few drops of BAL solution, the resulting liquid showing the normal absorption spectrum of reduced cytochrome c. It was not autoxidizable but on addition of a cytochrome oxidase preparation an absorption spectrum appeared which (Fig. 3, A) . Since this initial rate was independent of the concentration of BAL remaining, the cytochrome system must have been working at its maximum speed, i.e. the rate of oxygen uptake depended only on the active concentration of cytochrome oxidase. In another manometer containing the same amounts of cytochrome and oxidase, catechol was tipped from a Keilin tube. In this case the initial rate of oxidation was the same as that obtained with BAL (Fig. 3, B) . Since catechol is not known to affect cytochrome oxidase, it was concluded that BAL likewise has no effect on the enzyme. Temp. 370; phosphate buffer pH . (Keilin & Mann, 1940) , and catalase and peroxidase an ironcontaining prosthetic group (Keilin & Hartree, 1936; Elliott, 1932; Keilin & Mann, 1937) . This strongly suggests that BAL specifically inhibits metalenzymes and that this inhibition is due to a combination with the metals, for which BAL is known to have a high affinity. The only enzyme examined which is believed to be a metal enzyme and is not inhibited by BAL is cytochrome oxidase, which is probably part of the insoluble cytochrome complex (Keilin & Hartree, 1939) . BAL is, however, rapidly oxidized by this enzyme. Cytochrome c itself is also unaffected.
Three enzymes other than the known metal enzymes were inhibited by BAL: glyoxalase, aldehyde mutase, and potato phosphorylase. Aldehyde mutase and phosphorylase have not been shown to be metal-containing enzymes but this possibility is perhaps not excluded. Glyoxalase needs glutathione as coenzyme (Lohmann, 1932) , and in this case the inhibition may be competitive, the thiol grouping of the BAL having a higher affinity for the enzyme than has glutathione. Papain, and the glycolytic system of muscle acetone powder, were both activated by BAL. Cysteine also activates these systems; the effect is probably due to the reducing properties of thiol groups. Zymohexase was also slightly activated; since this enzyme is known to be inhibited by traces ofheavy metals (Herbert, Gordon, Subrahmanyan & Green, 1940) polyphenol oxidase, carbonic anhydrase, catalase and peroxidase, are known to be metal-containing enzymes. The inhibition of glyoxalase is due to competition with glutathione, the activator of the enzyme. Aldehyde mutase and phosphorylase are also inhibited. 2. The inhibition of mushroom polyphenol oxidase by BAL is reversed by addition of excess of copper salt. This inhibition is due to the formation of an insoluble cupric-BAL compound.
3. The activity of hexokinase in the presence of suboptimal concentrations of Mg++ is diminished by BAL, an effect immediately reversed by addition of excess Mg++. 4. BAL can be oxidizedby the cytochrome system without any effect on the activity of the latter.
5. BAL may be considered as a potent inhibitor of metal-containing enzymes with the exception of the cytochrome system.
